Objective: Antiepileptic drugs (AED) have chronic teratogenic effects, the most common of which are congenital heart disease, cleft lip/palate, urogenital and neural tube defects. The aim of our study is to examine teratogenic effects of AED and the correlation between these malformations and AED in single or multiple pregnancies. Methods: This is a retrospective study of malformations in children born to mothers currently followed up by our outpatient clinics who used or discontinued AED during their pregnancy. Their children were then investigated using echocardiography, urinary ultrasound, cranial magnetic resonance image, and examined by geneticists and pediatric dentists. Results: One hundred and seventeen children were included in the study. Ninety one of these children were exposed to AED during pregnancy. The most commonly used AED were valproic acid and carbamazepine in monotherapy. The percentage of major anomaly was 6.8% in all children. Dysmorphic features and dental anomalies were observed more in children exposed especially to valproic acid. There were 26 mothers with two and four mothers with three pregnancies from the same fathers. No correlation was found between the distribution of malformations in recurring pregnancies and AED usage. Conclusion: Our study has the highest number of dysmorphism examined in literature, found in all the children exposed to valproic acid, which may account for the higher rate of facial dysmorphism and dental anomalies. On lower doses of valproic acid, major malformations are not seen, although the risk increases with polytherapy. Our data also indicate possible effects of genetic and environmental factors on malformations.
INTRODUCTION
Epilepsy ranks first among neurological disorders requiring continuous treatment during pregnancy, since antiepileptic drugs (AEDs) have frequent chronic teratogenic effects, the most common of which are congenital heart disease, cleft lip/palate, urogenital defects, and neural tube defects. [1] [2] [3] [4] A two to three fold increase in major malformations was shown in children exposed to AEDs during pregnancy. [5] [6] [7] [8] Minor malformations and cognitive delay have been examined in terms of their relation to long term adverse effects of AEDs. [9] [10] [11] Certain patterns of minor malformations were related to causes including certain AEDs, developmental problems and epilepsy. [12] [13] [14] [15] [16] Likewise, various factors have been indicated for early developmental delay in children born to women with epilepsy. 17, 18) Not only AEDs but also genetic dispositions have been suggested to increase the probability of malformation in children born to women with epilepsy following the birth of another child with malformation. 19, 20) In this long-term retrospective study, we report the developmental, neuroradiological, cardiological, urological, dental and dysmorphic features of children exposed to AEDs during pregnancy in comparison to children unexposed to AEDs. Our aim is to make an analysis of the data on children born from women who either used or discontinued AEDs during pregnancy to determine major or minor malformations, drug specific effects and the association among the results of various investigation methods including cranial magnetic resonance image (MRI), ultrasound and echocardiography. This is a more comprehensive study than found in literature in that a medical geneticist and a pediatric dentist were also included in the research group. We also examine teratogenic consequences of AEDs on different births of the same parents to verify the effects of AEDs.
METHODS
This is a retrospective study initiated in 2006 involving children born from mothers with epilepsy, who got pregnant between 1990-2006, while they were either followed up by the epilepsy outpatient clinics of Department of Neurology, Istanbul Faculty of Medicine, Istanbul University; or Department of Neurology, Bakirkoy Research and Training Hospital for Psychiatry, Neurology, and Neurosurgery; or applied to our clinic after birth. Data were collected until 2007 and mothers willing to contribute to the study were invited to the clinic with their children, and data from mothers who declined to participate were not included. Mothers were divided into two groups depending on their use or non-use of AEDs (AED group and non-AED group). If the mother stopped taking their AEDs after learning she was pregnant, she was included in the AED group considering that the fetus had been exposed to AED until the time of disuse. The demographic and clinical data of patients (age of onset, type of epilepsy, dosages of AEDs used during pregnancy), pregnancy details (age of pregnancy, frequency of seizures and alcohol use or smoking duration of pregnancy), information about the baby (age and sex, febrile convulsions or epilepsy diagnosis), and folic acid usage were recorded retrospectively from patient files. Epilepsy syndromes were grouped according to the International League Against Epilepsy (ILAE) 2010 classification. Routine biochemistry, complete blood count, thyroid function tests were done for each child. Urinary ultrasound was performed by a pediatric radiologist; echocardiography was checked by a pediatric cardiologist. Cranial MRIs with thin slices were taken from children with sufficient cooperation at 1.5 tesla, T1, T2, flair, coronal, sagittal, and axial. Parents and children were examined and photographed by a medical geneticist according to a list of 47 items comprised of dysmorphism and dental anomalies assembled from the results of previous studies, and their dysmorphic features of the face and the extremities (if any) were determined.
Children older than six months were examined by a pediatric dentist for developmental dental anomalies such as delayed eruption of permanent teeth and malocclusion which may have been caused by the AEDs. All the examiners were blinded to AED and non-AED groups. Unusual morphological traits that are of no serious medical or cosmetic consequence to the patients were defined as 'minor anomaly'. 21) Any anatomical deformity that threatens life or necessitates medical or surgical intervention is termed as 'major anomaly'. 22) This study is conducted under the permission of the Ethics committee of Istanbul Faculty of Medicine, Istanbul University. Before every examination, parents were asked to sign the approval form after reading and being explained verbally about every detail of the procedure.
The study was conducted according to the Declaration of Helsinki criteria and no pharmaceutical support was obtained.
Continuous variables are expressed as mean±standard deviation; categorical variables are presented as frequency and percentage. Differences between groups were assessed using unpaired t-test for normally distributed data. The chi-square and Fisher exact tests were used to compare the differences of categorical variables between the groups. SPSS statistical software ver. 17.0 (SPSS Inc., Chicago, IL, USA) was used for statistical analysis. A p value less than 0.05 was considered statistically significant.
RESULTS
In this study, a total of 117 children, born of 88 mothers with epilepsy, were included. Of 117, 91 were born to 71 of the mothers on AEDs and 26 born to 17 of the mothers were not exposed to AED during pregnancy. Four of the mothers had three, and 22 of the mothers had two children, which add up to 56 siblings. Data for 21 of the children were received from Bakirkoy Research and Training Hospital for Psychiatry, Neurology, and Neurosurgery.
According to the history of mothers, one mother had multiple sclerosis and another one antiphospholipid syndrome in addition to epilepsy. Age for epilepsy onset was close to each other (14.7±5.8 years in the AED group and 16.1±4.1 in the non-AED group). Average age of pregnancy was close in both groups, 29.9±4.5 years in the AED group and 31.3±6.1 years in the non-AED group, with no statistically significant difference between the groups (p＞0.05). The frequency of seizure remained the same during pregnancy and there was no instance of status epilepticus in either group. There was no significant difference in seizure frequency in either group (p＞0.05) ( Table  1 ).
In the AED group, 76 (83.5%) of the pregnancies were completed under monotherapy, and the most frequently used drugs were valproic acid (VPA; 32) and carbamazepine (CBZ; 24) ( Table 2) . The blood tests were normal for each child. In the urinary ultrasound, echocardiography and cranial MRI examinations, eight major malformations (6.8%) and 23 minor malformations (19.7%) were detected among all the children. The percentage of major anomaly in the non-AED group was 3.8% and 7.7% in the AED group which indicates no significant difference from the AED group (p＞0.05) (odds ratio [OR], 0.48; 95% confidence interval [CI], 0.56-4.08). The percentage of major anomaly was 5.3% in monoteraphy group and 20% in polytherapy which was not statistically significant (p＞0.05) ( Table 3) .
Dysmorphism was detected in 79.7% of the children by the medical geneticist according to the list comprised for this study. The mean number of dysmorphic features was 3.2±7.7 in the AED group, and 0.9±2.5 in the non-AED group. Hence, the statistical difference with regards to dysmorphism frequency between the groups was significant (p＜0.001). Dysmorphic features had no statistically significant correlation with either mono/polytherapy or type of epilepsy (p＞0.05). The most common dysmorphic features were observed in children whose mothers used VPA, regardless of the daily dosage, with statistically significant difference (p＜0.05) ( Table 4 , Fig. 1 ). Hence, all the children of mothers who were on VPA during pregnancy had five dysmorphic features on average. Our study has the highest number of dysmorphism examined in literature which may be attributed to the higher rate of dysmorphism in our patients.
Dental anomalies were observed in 48.4% of all the children. The most frequent dental anomalies were hypoplasia, delayed eruption and malocclusion. Moreover, 54% of the AED and 23.5% of the non-AED children had dental anomalies, which was again statistically noteworthy (p＜0.05) ( Table 4 , Fig. 2 ). Our study is also among the few studies with a high number of dental features examined in children.
In the study, 56 children were siblings from 30 mothers. The number of mothers with a second pregnancy was 26, and third pregnancy was four, all from the same fathers. The distribution of malformations with respect to the recurrence of pregnancies was found to be independent of AED use (Table 5 ). For instance, both siblings had renal agenesis although their mother was on AED (1,000 mg/day VPA and 100 mg/day lamotrigine [LTG]) during her first pregnancy but discontinued AEDs during her second. In another example of three siblings, their mother never used AED during pregnancies, the first and last children were healthy, whereas the second child had a major malformation. In the case of two other siblings, the first child was healthy despite being exposed to phenobarbital (25 mg/day) during pregnancy; the second child had a minor malformation, although not exposed to an AED during pregnancy.
The number of mothers on VPA, with 1,000 mg/day and above, as mono-or part of a poly-therapy, was 15. There 
AED, antiepileptic drug; VPA, valproic acid; CBZ, carbamazepine; PB, phenobarbital; PHT, phenytoin; OXC, oxcarbazepine; LTG, lamotrigine; CLZ, clonazepam; PRM, primidone. *p＞0.05 major malformations and folic acid using. 
DISCUSSION
Using safe AEDs in pregnancy is important not only to render the mother seizure-free during pregnancy but also to prevent teratogenic side effects in the baby. There have been a significant number of researches on this subject in recent years.
From the mothers' point of view, it is known that seizure frequency does not change during pregnancy in 47% to 83% of the mothers. [23] [24] [25] [26] Similarly, in our study, seizure frequency remained the same in 70.1% of the cases.
In this study, all investigations including urinary ultrasound, echocardiography and cranial MRI were used, which is particularly important for the detection of asymptomatic malformations. Two siblings who had renal agenesia unknown to their parents but detected in our investigations are a case in point. There is no study on asymptomatic children in literature.
While malformation rates in the general population range from 2% to 3%, it was reported to be 3.65% in the Turkish population. [27] [28] [29] The ratio of major malformation due to AED use during pregnancy has been documented to be 2.8-10%, and higher in mothers on AED polytherapy, although there are arguments to the contrary. 24, 26, 30) We found major malformation in 7.7% of the cases in the AED group, which was statistically not significant with 5.3% in the monotherapy, and 20% in the polytherapy group. In line with the figures for the general Turkish population, the percentage of major malformation in the non-AED group was 3.8%, not statistically significant with respect to AED group. However, the OR was 0.48, which indicates that the percentage of major malformation in the AED group was 2.08 times higher.
Long-term teratogenic effects of older AEDs are well-known whereas the same cannot be argued for new AEDs. Our information on the teratogenic effects of new AEDs is limited to case reports and pregnancy registries. Oxcarbazepine (OXC) is reported to cause spina bifida, cardiac, urinary and skeletal system malformations, LTG to cause orofacial cleft, urinary system malformations. 31, 32) We had 15 cases on new generation AEDs, three of whom had malformations (one major and two minor). We observed patent foramen ovale with 900 mg/day OXC, renal agenesis with 100 mg/day LTG and 1,000 mg/day VPA and hydronephrosis with 1,200 mg/day OXC and 150 mg/day phenytoin. In our study we report no results on levetirecetam, pregabalin, vigabatrin, topiramat although they can be found in the market in Turkey.
We detected 4 major and 9 minor malformations in the group on VPA and no significance was observed in major malformations between patients who were on VPA and those who were not. However, the odd ratio was 0.53, which indicates that the percentage of major malformation in the VPA group was 1.9 times higher. There is evidence in literature to suggest that the ratio of major malformation increases due to VPA monotherapy or polytherapy including VPA, especially with higher doses, and has a negative impact on the long-term cognitive development of the child. 18, [33] [34] [35] [36] [37] [38] There was one child with autism while 28 children were below the age of two, hence impossible to diagnose at the time of the study. Therefore, the ratio of autism in our sample needs to be revised at a later date. In our previous study, higher cognitive impairment was detected in children exposed to polytherapy and VPA, whereas the electroencephalography abnormality was statistically significant among children in the AED group, more common under VPA, than the non-AED group. 39) We demonstrated the importance of maximum reduction possible in AED dosage for the healthy cognitive and behavioral development of a child. 40) Mothers on VPA who had a child with malformation are reported to have higher risk for malformation in their children in following pregnancies. 19) Likewise, the ratio of malformation is known to be higher in recurrent pregnancies with VPA and topiramat. 20) In comparison to literature, our study is one of the few studies with a high number of mothers with multiple pregnancies. We observed noteworthy findings with respect to recurrent pregnancies although the results are not statistically significant due to the small size of the group. For instance, we had one mother who had two children with renal agenesis although she was on AED (VPA 1,000 mg/day and LTG 100 mg/day) in one of her pregnancies and the other one was non-AED. It must be pointed out that the children's uncle also had renal agenesis with no other systemic disease or AED use during his mother's pregnancy, which suggests that there might be a genetic disposition rather than AED effect. Another mother with three children, who never used AED during her pregnancies, had her first and last child healthy, whereas her second child had a major malformation. Yet another mother, who used phenobarbital (25 mg/day) during her first pregnancy, had a healthy child, but her second child had a minor malformation, although she did not use an AED during her second pregnancy. These examples illustrate the difficulty of associating malformations with the teratogenic effects of AEDs only.
As for mothers with multiple pregnancies on VPA, there were major malformations in two siblings born to a mother on 2,000 mg/day VPA. On the other hand, another patient who had a minor malformation in her first-born child was on 1,500 mg/day VPA, but reduced her dose to 1,000 mg/day during her second pregnancy which may account for the fact that her second child was healthy. Our usual protocol is to administer 500 mg/day VPA and we have few mothers on doses higher than the standard. The presence of malformations of various degrees in children exposed to high or different doses of VPA during pregnancy might be considered an important finding-although not statistically significant-as it suggests a correlation between higher doses of VPA and congenital malformations, consistent with literature. 14, 35) Minor dysmorphic features such as epicanthic folds, small mouth, abnormal philtrum, dysplastic ears, hypoplastic digits and nails were described in AED exposed infants. After assessing the dysmorphisms of the subjects according to the checklist put together in accordance to the previous studies, it was observed that children exposed to VPA, CBZ and polytherapy had more minor dysmorphic features compared to other groups. Furthermore, patients with multiple minor dysmorphic features may be at increased risk of cognitive impairment. 9) As for the non-AED group, approximately 25% of the non-exposed subjects were scored with respect to their one or more dysmorphic features. These included features such as epicanthic folds, hypertelorism, high arched palate which is among normal variations in the population. Epicanthic folds, broad nasal root and tip, anteverted nares, short nose, depressed nasal tip, smooth philtrum, thin upper lip and hypertelorism were commonly seen in our patients with VPA exposure. These findings were in correlation with the typical VPA gestalt mentioned in previous reports. 9, 41) Patient in Fig. 1 is a typical example for fetal valproate syndrome faces.
Overall, our study resonates with previous studies in that subjects receiving VPA, CBZ or polytherapy during pregnancy have more minor dysmorphic findings than non-AED exposed subjects and subjects exposed to different AEDs. Dysmorphic features most commonly observed in our study were in the children of mothers who used VPA during pregnancy. Similarly, Kini et al., 9) had described more facial dismorphic features in the VPA exposed children than non-exposed AEDs.
AED use during pregnancy has been associated with mineralization defects of teeth. Dental anomalies and delayed eruption were found in 10% of children born to mothers on AED. 41) In our study, the percentage of dental anomaly is significantly higher in all children (48.4%) with 39.3% in children exposed to VPA. In our study, enamel hypoplasia and delay of eruption were the most common dental anomalies among children of mothers on AED during pregnancy. This is the first study to examine such a high number of both dental and dysmorphic abnormalities together. This is particularly important since both dental and dysmorphic anomalies are not considered malformations and frequently disregarded. While it has been reported in 2009 that daily use of 2.5-5 mg folic acid before pregnancy reduced malformation, there are also studies that suggest the contrary. 42, 43) In our study, daily folic acid dose was 5 mg (59.3%) with no statistically significant difference in the two groups of mothers in terms of major malformations. However, the odd ratio was 3.48, which indicates that the percentage of major malformation was three times higher in patients who did not use folic acid.
The small sample size and the restrospective study design are limitations on the generalizability of our results as well as the limited follow-up period and exclusion of data on abortions. The study would have benefitted from a control group comparison, a limitation unfortunately found in many studies.
Even with these limitations, our study conveys significant results. On lower doses of VPA, major malformations are not seen, although the risk increases with polytherapy. As a final note, we argue that development of malformations may be associated with not only exposure to AEDs during pregnancy but also with genetic and environmental factors, and hence is multifactorial. This study was supported by the Research Fund of Istanbul University (571/140820006). We would like to thank all the patients who participated in this study.
